In this study, sixth-order boundary value problems for linear and nonlinear differential equations have been solved by using Differential Transformation Method (DTM). The numerical solutions are given in several examples. For each example, the solution given by DTM is compared with the exact solution. Absolute relative error (ARE) for each iteration can be computed. Therefore, the maximum absolute relative error (MARE) of the DTM can be obtained. To show that the solution given by the DTM has higher level of accuracy, the absolute relative error of the DTM has been compared with the other methods such as Adomian decomposition method with Green's function, modified decomposition method (MDM), homotopy perturbation method (HPM), Variational Iteration Method (VIM) and Quintic B-Spline Collocation Method. Comparison graphs are given at the end of this paper. The obtained result shows that the proposed method is able to provide better approximation in term of accuracy.
INTRODUCTION
We consider the following sixth-order boundary value problems of the form [1] In 1986, the idea of differential transformation method (DTM) in solving initial value problems (IVPs) of linear and nonlinear differential equations arisen from an electric circuit analysis was proposed by Zhou [2] . In recent years, DTM has been applied successfully to many problems in linear and nonlinear boundary value problems and initial value problems, for examples, see Yaghoobi and Tarobi [3] , Othman and Mahdy [4] , Keskin and Oturanc [5] Smarda et al. [6] and V.S. Erturk et al. [7] .
This transformation technique acts as a useful tool to obtain analytical solutions of differential equations which is based on Taylor series expansion. In this method, we constructed the analytical solution in the form of polynomial. The DTM provides higher order of accuracy and approximates to exact solutions which are differentiable. However, the DTM is different from traditional high order Taylor series since it needs more computations for the derivatives functions, Odibat et al. [8] . DTM can also be applied to high order differential equations therefore, it is an alternative way to get Taylor series solution for the given differential equations for examples, see Hussin et al. [9] , Hussin and Kilicman [10] , Hussin and Kilicman [11] , Hussin and Kilicman [12] , Husin et al. [13, 14] and Kilicman and Oltun [15] .
In this paper, we solved sixth-order boundary value problems by DTM and found the maximum error of each method. Then we compared the results of DTM with other methods.
DIFFERENTIAL TRANSFORMATION METHOD
The following fundamental definitions of differential transformation method are introduced:
Definition 1
The function ( ) for the r-th derivative of one dimensional differential transform is defined as follows:
where ( ) is the transformed function and ( ) is the original function.
Definition 2
The differential transform of inverse function ( ) is introduced by:
The substitution of equation (1) into equation (2) yields the following equation:
where the equation (3) is the Taylor series of ( ) at = 0 . The following basic operations of differential transformation can be deduced from equations (1) and (2) , see [2, 3, 4, 5] : The following theorem was proved in Hussin et al. [9] .
Theorem 12
The linear differential equation boundary value problems
for integer ≥ 1.
The next two theorems were given in Hussin and Kilicman [10, 11] respectively. More details on the DTM proofs are available in Odibat et al. [8] , Hussin et al. [9] , and Hussin and Kilicman [10, 11] .
NUMERICAL EXAMPLES
By applying the theorems in the paper in Odibat et al. [8] , Hussin et al. [9] , and Hussin and Kilicman [10, 11] , we provided several examples for sixth-order boundary value problems which would be solved by DTM, MDM, HPM, Adomian decomposition method with Green's function, VIM and Quintic B-Spline Collocation Method. Example 1.Consider solving the following linear sixth-order boundary value problems which was also solved by Wazwaz [16] by using MDM, Noor and Mohyudin [17] by using HPM and Waleed Al Hayani [18] by using Adomian decomposition method with Green's function (6) 
subject to the boundary conditions
The exact solution is ( ) = (1 − ) .
Solution:
By applying Theorem 1 and Theorem 8, equation (4) is transformed into,
Then by applying the boundary conditions in (5) to equation (1) at point = 0, we obtained the following transformed boundary conditions : Example 2 Next, we consider in solving the following linear sixth-order BVP of DTM, problems which were also solved by K.N.S.K Viswanadham and Y.S. Raju [19] . 
The analytical solution is ( ) = (1 − ) .
By using Theorem 12, equation (7) is transformed into
On applying the boundary conditions in (8) to equation (1) at = 0, then the following transformed boundary conditions can be obtained:
(0) = 0, (1) = 1, (2) = 0, (3) = , (4) = and (5) = .
We can easily solve for ( ), ≥ 6 by using the transformed equation (9) Example 3 Then we consider in solving the following nonlinear sixth-order BVP of DTM, which was also solved by Wazwaz [16] by using ADM, Noor and Mohyuddin [17] by using HPM and M. A. Noor et al. [20] by using VIM (6) ( ) = 2 ( ) 0 < < 1 (10) subjects to the boundary conditions
The exact solution is ( ) = .
Solution: By using Theorem 1and Theorem 8, equation (10) is transformed into:
On applying the boundary conditions in equation (11) Finally, the series solution can be formed by applying the inverse transformation in Definition 2 up to = 12, given as follows: 
RESULTS AND DISCUSSIONS
Numerical results and numerical comparisons for Example 1, Example 2 and Example 3 which are presented in Table 1, Table 2 and Table 3 for DTM error at each point respectively. We note that Table 1 (B) for = 12. Then for Example 2, the MARE for DTM and b-spline are in Table 2 (B) for = 12. Finally for Example 3, the MARE of DTM, MDM, VIM and HPM are in Table 3 (B) for = 11. The DTM has the smallest MARE for each example which are 3.06 × 10 −7 at point 0.7, 8.946 × 10 −6 at point 0.4 and 6.8 × 10 −9 at point 1.0 for Example 1, Example 2 and Example 3 respectively. We can see the error DTM was very small compared to the other methods. Besides that the DTM was also efficient since we could solve the problems easily. The error of the DTM was very small for each example rather than other methods. Figure 1 represents the error comparison for Example 1 while Figure 2 shows the error comparison for Example 2. Lastly, Figure 3 shows the error comparison for Example 3. 
CONCLUSION
The findings of this study showed that they ARE of DTM was very small and this indicates that DTM is very accurate in solving boundary value problems and it is very efficient since we can solve boundary value problems easily with a low cost. Besides that, the MARE of DTM was the smallest compared to other methods. The DTM is the most accurate method compared to Adomian decomposition method with Green's function, HPM, VIM, b-spline method and MDM. Therefore, we can conclude that DTM method is very successful and powerful in numerical solutions of sixth order boundary value problems to solve these kinds of problems. The examples were computed by using Maple 13. 6.795704568 × 10 −9
